Background Total knee arthroplasty and unicompartmental knee arthroplasty are frequently done procedures for the treatment of various forms of arthritis and knee injuries. The knee prosthesis, which is used for these procedures, requires adequate sizing specific to the population. Morphometric parameters of upper end of the tibia can be used to guide treatment and monitor outcome of total knee replacement surgeries. Information regarding morphometry of upper end of the tibia is important as it provides reliable method of assessing knee deformity. This article assesses different morphometric parameters of condylar and intercondylar surface of the tibia and to compile the results, analyze, and formulate a baseline data for future studies with relevance to Indian population.
Introduction
The knee joint is a complex synovial joint which plays an important role in adjusting the center of body mass and posture, requiring a great range of movement in three dimensions together with the ability to withstand high forces. It is essential for everyday activities such as standing, walking, and climbing stairs and is also the main joint involved in running, jumping, kicking, and changing directions. Interactions between the articular surfaces, the passive stabilizers, and the muscles that cross the joint are responsible for maintaining range of mobility and stability at the same time. 1 The proximal end of the tibia articulates with the distal end of the femur (tibiofemoral articulation), this plays a key role in transmission of body weight from the femur above to the talus below and is hence irreplaceable in day-to-day functioning.
The knee joint is commonly affected by different forms of arthritis such as inflammatory and posttraumatic arthritis among which osteoarthritis is the most common pathological condition that may require interventional procedures such as total knee arthroplasty (TKA) or unilateral knee arthroplasty (UKA). 2 TKA is a precision surgery, that requires an accurate soft tissue balancing and resection of bone thickness equal to the thickness of the prosthetic component implanted, so that the flexion-extension spacing are equal. This would allow joint stability throughout the range of motion. Selection of the prosthesis, accurate sizing, and proper placement of the components determine the success of this procedure. The anteroposterior (AP) dimension of the prosthesis is important in maintaining the flexion-extension spacing, while the mediolateral length (ML) determines the adequate coverage of the resected bone surface, and tension-free wound closure. 3 Maximal implant coverage on the resected bone surface would reduce the stress applied to the bone implant interface which has been found to be a factor contributing to long-term survivorship in TKA. 4 An insufficient tibial coverage can lead to tibial implant collapse because of the load being transferred to the cancellous bone instead of the cortical bone. 5 UKA has currently emerged as a favorable option for the treatment of unicompartmental arthritis of the knee in elderly patients, more commonly involving the medial compartment. This is so because osteoarthritis of the knee usually affects the medial compartment of the tibiofemoral articulation and it may later involve the lateral compartment. 6 Advantages of UKA are shorter rehabilitation time, greater postoperative range of motion, and preservation of the proprioceptive function of the cruciate ligaments over TKA. However, studies have shown better outcome for TKA as compared with UKA. 7 Indians and Chinese, as a part of the Asian subpopulation, have a smaller build and stature as compared with the Western population. Since there is a large variability in the anthropometry of different populations of the world, the prosthesis that are currently available in the market are best suited for the Western and Caucasian population. In that case, it is quite likely that ethnic groups such as Indians may be at risk of component oversizing in both UKA and TKA with most of the commercially available prosthesis. 8 There have been very few studies on the anthropometry of the proximal tibia in the Indian population. Thus, we aimed to measure the various morphometric dimensions of condylar and intercondylar areas of the proximal end of the tibia and the results obtained from this study would provide valuable data on the average dimensions that would serve as guidelines for designing a suitable tibial component of total knee prosthesis for the Indian population.
Materials and Methods
A cross-sectional study was performed on a group comprising of 60 adult human dry (as per complete enumeration) and processed tibia of both sides (right 34, left 26) obtained from the Department of Anatomy, Himalayan Institute of Medical Sciences, Swami Rama Himalayan University. Fully ossified, processed, grossly normal, and completely dry tibia of both sides were included irrespective of age, sex, and race. Unossified bones and bones with signs of disease/injuries were excluded. The measurements taken were (►Fig. 1):
• Mediolateral length (ML) -distance across both the condyles (A).
• Anteroposterior intercondylar (APIC) area -distance between farthest points of intercondylar area (B).
• Anteroposterior diameters of medial and lateral condyledistance between farthest points anteroposteriorly on each condyle (C and E).
• Transverse diameter of medial and lateral condyledistance between mid-condylar eminence and farthest point on lateral convexity of each condyle (F and D). • Intercondylar (IC) region was further divided into anterior and posterior areas i. AP diameter of anterior and posterior IC region -distance from mid-point of IC eminence to farthest point anteriorly and posteriorly respectively (G and I). ii. Transverse diameter of anterior and posterior IC regionmaximum transverse distance in the IC region anteriorly and posteriorly (H and J).
All the measurements were taken with the help of vernier calipers. Aspect ratio (ML/AP × 100) was also calculated. Statistical analysis was performed using Student's t-test by using SPSS for Windows (version 20.0, SPSS). The dimensions were summarized as mean ± standard deviation. A p-value of < 0.05 was considered statistically significant.
Results
The morphometric study conducted on adult human tibia revealed the under-mentioned important observations in a tabulated form (►Table 1).
The mean AP diameter for the medial condyle was more for right side than left while the transverse diameter was more for left side than right. The mean AP and the transverse diameter for the lateral condyle was greater on the left side. On comparing the two condyles it was seen that both anteroposterior and transverse measurement were greater for the medial condyle. No statistically significance (p >0.05) was seen on comparing the different parameters for both the sides.
The anteroposterior measurement of anterior and posterior IC region was seen to be greater on left and right side respectively. The transverse diameter at anterior and posterior IC region were seen to be greater on right and left sides, respectively. The difference of value for right and left side were statistically insignificant (p > 0.001). A negative correlation was seen between AR and APIC which was statistically significant (►Table 2).
Discussion
The geometry and anatomy of the knee is variable, irrespective of gender and human race and it should be considered carefully during the design process of the tibia prosthesis for TKA.
Data obtained in the present study would presumably provide a basis for designing the optimal tibial component for UKA and TKA for Indian population.
A comparison of measurements of various studies has been done with the present study to have a better understanding changing trends (►Table 3).
The ML across both tibial condyles in the present study was found to be more close to the study on South Indian and Thai population, 9 whereas the study done on Korean 10,11 and Chinese 12 population showed slightly higher values. et al too showed a negative correlation between aspect ratio and AP measurement of the intercondylar area in midline. 18 A negative correlation established in our study that was statistically significant (p < 0.05) between AP measurement of intercondylar and the aspect ratio. Designing of prosthesis considering the gender difference have been advocated in Chinese population by Cheng et al 18 whereas Surendra et al 11 showed a progressive decline in the condylar aspect ratio with the increase in the AP dimension, irrespective of gender. 13 Westrich et al suggested that asymmetrical smaller lateral condylar surface produces better outcome compared with the symmetrically constructed prosthesis. 15 Limitation of this study is that it was performed on dry bones which may have undergone shrinkage in its morphology as compared with live specimens. This can possibly lead to inaccuracy in the morphometric measurements by a few millimeters which has to be taken into account. Sex differentiation has also not been considered. Due to the availability of lesser number of bones, a reference to a population could not be made but with a greater number the data could be correlated to a population as well.
Conclusion
In the present study, key parameters of the proximal end of the tibia such as ML and AP dimensions have been measured on dry bones. Comparing similar studies conducted in other populations, it was evident that the anatomical profile of Indians is smaller hence highlighting the need for sizing of prosthesis specific to the population in question. It is essential for the geometry of the tibial component to match the resected surface as closely as possible to obtain the best possible stability and load transfer following knee replacement surgery.
A decrease in the tibial aspect ratio with an increase in AP length demonstrated in this study would help to formulate guidelines for the manufacturers of prosthesis ensuring optimal tibial implant coverage; a key factor in their longterm survivorship.
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The AP intercondylar length was found to be small in the present study and South Indian population in comparison to Thai, 9 Korean, 11, 13 and Chinese population. 12 The AP length of medial condyle in Indian population was seen to be small as compared with French 14 and Korean 10 population.
Comparison was suggestive of AP length of the lateral condyle to be more in French 14 population, with little variation between Korean 10 and Indian population.
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In the present study, the total mean AP length of the medial condyle was 40.19 ± 5.11 mm and that of the lateral condyle was 36.41 ± 4.29 mm which shows an obvious difference between the two tibial plateaus. The same observation was made by Servien et al 14 who did a morphometric analysis between the medial and lateral tibial plateaus. The studies by Ivan, 5 Kwak et al, 11 and Westrich et al 15 and Gandhi et al 16 highlighted the need for prosthetic designs that recognizes the difference in the medial and lateral tibial condyles and accounts for the smaller, lateral tibial condyle as to achieve the goal of maximizing tibial coverage as well as to eliminate the problems associated with a symmetric design of the tibial component. 15 Another study by Murlimanju et al showed similar results where the lateral tibial condyle measurements were smaller than the medial condyle. 17 The term aspect ratio defines the relationship between the transverse diameter and AP diameter and helps to anticipate the shape of the tibial component. An aspect ratio of 100% indicates that the mediolateral diameter equals AP diameter; predicting a circular shape for the suitable symmetric tibial component. Thus, it follows that an aspect ratio of above 100% indicates that the shape of the anticipated tibial component becomes mediolaterally oval. 11 Our study had a higher aspect ratio for smaller AP diameter and a lower ratio for larger AP diameter. In other words, it would mean that with increase in AP diameter the shape of the anticipated tibial component becomes less oval (mediolaterally). Surendran et al, 13 Kwak et al, 11 Cheng et al, 18 and Hitt et al 19 had similar results. Surendran et al showed a progressive decline in the medial condylar aspect ratio with increase in AP dimension in their cadaveric study. 13 However, the tibial prosthesis used conventionally for UKA showed either a constant condylar aspect ratio or an increasing ratio with increasing AP dimension.
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